Introduction
Patients with ST-elevation myocardial infarction (STEMI), a high-risk population, are heterogeneous in terms of clinical presentation as well as immediate-and long-term risks of adverse events. Identifying patients at higher risk for adverse outcomes after STEMI is a cornerstone of modern cardiovascular care (1) . Consequently, accurate and comprehensive risk stratification is important for decision making when treating patients with STEMI. Currently, the Global Registry of Acute Coronary Events (GRACE) risk score (2, 3) is widely recommended as a means to evaluate the risks of death and death plus myocardial infarction (MI) in patients in hospital and within 6 months after discharge and to guide triage and management decisions in acute coronary syndrome (ACS) (4, 5) . However, its predictive value in a longer period, for example >6 months after discharge, particularly in patients with STEMI, is not very clear. This scoring is a multivariable task that takes into account clinical characteristics together with electrocardiographic and cardiac enzymes/troponins as biomarkers. By doing so, the score reflects certain dimensions related to the clinical outcomes of ACS. Biomarkers may provide additional information of ACS pathophysiology, including STEMI. However, the biological variables considered in the GRACE system are limited to creatinine and cardiac enzymes/troponins.
Homocysteine, a toxic sulfhydryl-containing amino acid, is an intermediate metabolite product of methionine. It has been reported to play an important role in the pathogenesis of atherosclerosis and coagulation (6, 7) . Epidemiological studies show that serum homocysteine concentration is associated with stroke, coronary heart disease, peripheral artery disease, and venous thrombosis (8) . Prospective researches have demonstrated that homocysteine can predict mortality and other cardiovascular events in subjects with or without coronary artery disease (9, 10) . Currently, homocysteine is identified as an intensive and independent risk factor and predictor for cardiovascular diseases (8) . However, in spite of its important role in cardiovascular diseases, it is not considered in the GRACE risk score model.
Up to now, few studies have specifically evaluated the relationship between the homocysteine level and GRACE risk score. The present study aims to investigate the association between these two predictive factors and to determine whether a combination of homocysteine and the GRACE score model can better predict the longer clinical outcomes in patients with STEMI.
Methods

Study population
This prospective cohort study recruited consecutive patients with a confirmed diagnosis of STEMI admitted to the Department of Cardiology at two first-class hospitals in China between January 2010 and December 2012. STEMI was diagnosed according to the 2007 American College of Cardiology Foundation/American Heart Association Guidelines (1) . The diagnostic criteria include the following: a) persistent symptoms of ischemia for at least 30 min; b) ST-segment elevation of at least 1 mm in at least two adjacent limb leads or at least 2 mm in at least two contiguous precordial leads or a new left bundle branch block in the electrocardiography; and c) elevated serum creatine kinase (CK) and creatine kinase-myocardial band (CK-MB) more than twice the upper limit of normal or elevated serum troponins (1). Patients with valvular heart disease, malignant tumors, or severe liver or kidney dysfunction needing instrumental replacement therapy were excluded. There were 1327 patients with STEMI, of which 1143 patients met the criteria. All of them agreed to participate. All management and treatment decisions were left to the discretion of the attending cardiologists according to the Guidelines. The research framework is shown in Figure 1 .
This study was approved by the Ethics Committee and was performed in accordance with the guidelines of the Declaration of Helsinki. Informed consent was obtained from all patients. Before the implementation of this study, all the researchers were trained according to uniform standards, which guaranteed consistency in their observations. In addition, an independent committee was set up for quality control.
Laboratory detection and biomarker testing
Blood samples of the patients were centrifuged at 4°C and the obtained serum samples were stored in aliquots at -80°C. All laboratory parameters, including cardiac troponin, CK, CK-MB, plasma glucose, creatinine, uric acid, homocysteine, triglycerides, total cholesterol, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol concentrations were measured in the two hospitals using uniform equipment and reagents (Olympus AU640 Clinical Chemistry Analyzer, Olympus Diagnostica, Hamburg, Germany). Homocysteine was detected using high-performance liquid chromatography with fluorescence detection.
Echocardiography
Comprehensive echocardiographic analysis of cardiac structure and function was performed by two experienced physicians in accordance with the recommendations of the American Society of Echocardiography (11) . For a particular patient, the same operator analyzed the echocardiographic metrics. The physicians used the two-dimensional, M-mode, and biplane Simpson Figure 1 . Study frame diagram methods, as appropriate (11) . All measurements were averaged over three cardiac cycles. The indexes of left ventricular enddiastolic diameter and left ventricular end-diastolic volume were normalized according to the body surface area. Left ventricular mass was calculated using the formula recommended by (11) and was expressed as the left ventricular mass index. Regional wall motion was assessed using a 16-segment model of the left ventricular and a 4-point grading scale: 1. normal contractility; 2. hypokinesia; 3. akinesia; and 4. dyskinesia (11) . The wall motion score index was calculated as the sum of the score of each segment divided by the number of segments scored. Thus, a higher wall motion score index corresponds to a worse wall motion.
Coronary angiography
Coronary angiography was performed according to the standard method (12) . There were two specialized physicians who read the images and decided the results. Coronary single vessel disease was defined as stenosis >50% in a major coronary artery (e.g., left anterior descending coronary artery, left circumflex coronary artery, or right coronary artery) and/or in its main branches. Multiple vessel disease was defined as stenosis >50% in more than one major coronary artery (12) . The Gensini score was used to assess the severity of coronary artery stenosis because it has a close correlation with the lesion severity and is convenient to calculate (13) . A higher score indicates a more severe lesion.
Data collection and the GRACE risk score calculation Baseline data, including demographic data, clinical data, and medications, were collected using a standard case-report form. The GRACE risk prediction model was performed as described previously (2) . The variables for estimation included age, heart rate, systolic blood pressure, creatinine level, history of congestive heart failure, in-hospital percutaneous coronary intervention, in-hospital coronary artery bypass graft surgery, previous MI, ST-segment depression, and elevated cardiac markers. Values of these variables were entered into the GRACE risk calculator to obtain estimates of the cumulative risks of all-cause death and major adverse cardiovascular events (MACE).
Clinical endpoint definition and patient follow-up All the patients were followed up by telephone contacts or scheduled consultations to track the progress of the treatment and the occurrence of cardiovascular events. Follow-up information was completed for all the included patients. MACE included all-cause death, prehospitalization for heart failure or angina symptoms, recurrent nonfatal MI, repeated coronary revascularization, and stroke.
Statistical analysis
Continuous variables are presented as mean±standard deviation ( ±SD) or median (inter-quartile range). Categorical variables are presented as frequency (percentage). The normality of data distribution was tested using Kolmogorov-Smirnov analysis. Independent-samples t-test, Mann-Whitney U test, one-way analysis of variance, or Kruskal-Wallis H test was used to examine the differences between continuous variables, as appropriate. The Pearson χ 2 test or Fisher's exact test was used to determine the differences between categorical variables. Clinical outcomes were evaluated using the Kaplan-Meier method, and intergroup comparisons were conducted using the log-rank test. Univariate and multivariate Cox proportional hazard regression analysis was performed to identify predictors for adverse clinical outcomes. The potential correlation between the homocysteine level and the GRACE score were analyzed using the Spearman's rank correlation.
The predictive value of the combination of these two factors was estimated by the receiver operating characteristic (ROC) curve. Discrimination was assessed by the area under curve (AUC) and increase in AUC was tested for significance using the method previously proposed (14) . Calibration was assessed with Hosmer-Lemeshow goodness-of-fit test (14) . Net reclassification improvement (NRI) and integrated discrimination improvement (IDI) were performed to analyze the degree to which the addition of homocysteine improved the predictive ability of the GRACE model (15) . NRI focuses on the reclassification constructed for with and without events, quantifying the correct movement in categories. IDI focuses on the difference between average sensitivity and "1-specificity" for models with or without homocysteine, which measures enhancement in average sensitivity without sacrificing average specificity from the addition of homocysteine to the GRACE system (15) .
Statistical analyses were performed using SPSS (version 18.0), MedCalc (version 9.6.4.0), and R-programming language (version 3.1.2). All statistical tests were two-tailed, and a p-value of <0.05 was considered statistically significant.
Results
Baseline characteristics of patients
The number of patients in the two study institutions was 578 and 565. As shown in Table 1 , there were no differences in the baseline data of patients between the two hospitals. The included 1143 patients (85% male) had a mean age of 58 years (IQR, 50-67 years) and a median follow-up period of 36.7 months (IQR, 28.0-46.7 months). The patients were segregated into three groups according to the tertiles of homocysteine level at baseline (Tertile 1: ≤14.6 μmol/L; Tertile 2: 14.7-24.4 μmol/L; Tertile 3: ≥24.5 μmol/L). Demographic and clinical characteristics, biomarker concentrations, and medications during hospitalization are shown in 134.08±43.98, p<0.001) increased with the increase in homocysteine level. There were no significant differences in other characteristics or variables among the three groups (Fig. 2) .
Comparison of clinical characteristics between patients with and without MACE
During the period of follow-up, 271 (23.7%) patients reached the clinical endpoint, including 103 (9.0%) deaths, 75 (6.6%) heart failures, 51 (4.5%) unstable anginas, 32 (2.8%) MIs, 52 (4.5%) coronary revascularizations, and 16 (1.4%) strokes. The clinical characteristics of the patients with or without MACE are demonstrated in Table 3 Homocysteine and GRACE score as significant predictors for clinical outcomes The cumulative incidences of all-cause death and MACE in the three groups of patients are illustrated using the KaplanMeier survival curves in Figure 3 . The curves revealed significantly worse clinical outcomes in patients with homocysteine above the third percentile compared with those below the third percentile. Log-rank test on the curves identified significant differences among the three groups (all-cause death: χ 
Correlation between homocysteine and GRACE risk score
The correlation between homocysteine and clinical variables was analyzed by Spearman's rank correlation test, and the results showed that the homocysteine level was significantly positively correlated with the GRACE risk score (r=0.134, p<0.001) as well as age (r=0.148, p<0.001), Gensini score (r=0.089, p=0.003). Figure 4 illustrates these correlations.
Combination of GRACE score with homocysteine in predicting clinical outcomes ROC analysis was performed to assess whether a combination of the GRACE risk score and homocysteine level could better predict the adverse clinical outcomes. As shown in Figure 5 , AUC significantly increased when the GRACE risk score was coupled with the homocysteine level (all-cause death: AUC=0.786 vs. 0.884, 95% CI=0.067-0.128, Z=6.307, p<0.001; MACE: AUC=0.678 vs. 0.759, 95% CI=0.055-0.108, Z=5.943, p<0.001). More importantly, the inclusion of homocysteine into the GRACE model was associated with an NRI of 57.5% CAD -coronary artery disease; CI -confidence interval; eGFR -estimated glomerular filtration rate; GRACE -Global Registry of Acute Coronary Events; HR -hazard ratio; LDL-C -lowdensity lipoprotein cholesterol; LVEDVI -left ventricular end-diastolic volume index; LVEF -left ventricular ejection fraction (p<0.001) for all-cause death and 62.1% (p=0.008) for MACE, indicating effective reclassification. IDI again showed that the model diagnostic performance was significantly improved by the addition of homocysteine to the GRACE system (all-cause death: IDI=0.083, p<0.001; MACE: IDI=0.130, p=0.016). Thus, it indicated that the combination of the GRACE risk score and homocysteine level developed a more predominant prediction for clinical outcomes in patients with STEMI. 
Discussion
In the present study, we evaluated the predictive power of homocysteine level and the GRACE risk score, alone and in combination, in a cohort of patients with STEMI. The GRACE risk score is a widely recommended means to identify patients at higher risk for adverse outcomes in ACS. Homocysteine is a biomarker, which has been identified as a risk factor and predictor for cardiovascular diseases. Our hypothesis was that the predictive power of the GRACE scoring in STEMI could be enhanced by the addition of homocysteine level. In our study, we found that increased homocysteine levels are significantly associated with increased risks of all-cause death and MACE, verifying that homocysteine can serve as an independent predictor for adverse events in STEMI. The GRACE risk score and homocysteine level are positively correlated, indicating that the increase of one is always accompanied by an increase of the other. When the two predictors are jointly used to assess the clinical outcomes, the area under the ROC curve is significantly increased. The calibration, discriminatory capacity, and reclassification of the GRACE scoring are improved significantly when the homocysteine level is considered. Our data suggest that measurement of homocysteine level on admission may greatly enhance the predictive power of the GRACE risk score for cardiovascular events in patients with STEMI.
Risk stratification is an important part of the comprehensive management and treatment of patients following STEMI. Several models have been developed to execute risk stratification, such as the Thrombolysis in Myocardial Infarction trial, Platelet Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT) trial, and GRACE risk scoring system (16) . The GRACE model is currently the most robust clinical risk stratification tool (4, 5) . However, there is still room for improvement in its ability to discriminate clinical outcomes (17) . Some biomarkers may provide additional information of pathophysiology in STEMI, but could not be considered in the GRACE model (16, 17) .
Homocysteine is an intermediate metabolite of methionine and is a toxic amino acid containing a mercapto group (18, 19) . Homocysteine has three metabolic pathways. In the first pathway, homocysteine can be catalyzed by the vitamin B6-dependent cystathionine beta synthetase, which is converted into cysteine by the transulfate pathway. In the second pathway, homocysteine can be methylated by betaine homocysteine methyltransferase to methionine. Lastly, homocysteine can be catalyzed by methionine synthase into methionine. Thus, the leading cause of elevated serum homocysteine levels may be the folate deficiency and/or the deficiency or gene mutations of key enzymes in homocysteine or folic acid metabolic pathways (18, 19) . The homocysteine level may vary depending on age, diet, and genetic background (8) . Homocysteine has been under a lot of speculation since its discovery in 1932 and has received increasing attention in recent years. An extraordinary number of epidemiological studies have found that an elevation of serum homocysteine is prevalent in patients with stroke, MI, peripheral vascular disease, and venous thrombosis (8) . Many clinical studies have identified homocysteine as a significant and independent risk factor for cardiovascular diseases (20, 21 Figure 5 . ROC curve analysis. The addition of homocysteine improved the predictive power of the GRACE risk scoring system for all-cause death (a) and major adverse cardiovascular events (b) a significant association between hyperhomocysteinemia and cardiovascular events has been indicated in several large-scale prospective studies (9, 10, 22, 23) . In addition, it has been reported that the Chinese population has a higher serum homocysteine level compared with the western populations (24) . In our study, the average level of serum homocysteine in the Chinese patients with STEMI was 21.30±14.87 μmol/L. The baseline homocysteine concentrations were higher in patients with MACE than in those without MACE. The cumulative risk of adverse cardiovascular events increased with an increase in homocysteine level. Atherosclerosis is the most common pathological process that leads to stroke, MI, heart failure, and claudication (25) . Since McCully et al. (26) proposed that homocysteine could induce atherosclerosis in 1969, homocysteine has been widely studied. Now hyperhomocysteinemia is considered as an independent risk factor for atherosclerotic vascular diseases (6, 27) . Some animal experiments showed that apoE-null mice fed with hyperhomocysteinemic diets developed atherosclerotic lesions in the aorta that were of significantly greater size and complexity compared with that of those developed in mice fed with control diets (28, 29) . Serum homocysteine level is found to be correlated with arterial stiffness (30) , carotid intima-media thickness (31) , and the severity of coronary artery disease (32) . Elevated serum homocysteine level is associated with a higher risk of coronary artery disease in patients with chronic renal dysfunction (33) .
However, the exact biological mechanisms of atherogenic effects of homocysteine remain unclear. Some of the presumed mechanisms include endothelial dysfunction, promoting proliferation of vascular smooth muscle cells (8) , dysregulating cholesterol and triglyceride metabolism, increasing the oxidative modification of LDL (34) , activating inflammatory responses (28), oxidative damage, inhibiting endothelial nitric oxide synthase (eNOS) (35) , enhancing synthesis of collagen and deterioration of arterial wall elastic material (36, 37) , and augmenting thrombus formation (38) . Our study demonstrates a positive correlation between homocysteine level and the Gensini score, meaning the higher homocysteine, the more severe coronary artery disease. This may be one of the reasons that homocysteine is correlated with adverse clinical outcomes.
Biomarkers, such as N-terminal pro-B-type natriuretic peptide (NT-proBNP) (39), C-reactive protein (CRP) (40) , growth differentiation factor 15 (GDF-15) (41), cystatin C (CysC) (42) , mean platelet volume (MPV) (43) , neutrophil count (44) , and red blood cell fatty acid (45) , may enhance risk assessment beyond the GRACE risk scoring system as they reflect additional mechanisms. Our study demonstrates that the GRACE risk score and homocysteine concentration at baseline are significantly positively correlated. Either of them can independently predict the clinical outcomes, but their combination generates a stronger predictive power for cardiovascular events in patients with STE-MI. This will help physicians to identify high-risk patients more accurately.
Study limitations
This study has several limitations. Firstly, homocysteine level may be influenced by age, diet, and genetic background. Secondly, the subjects were limited exclusively to Chinese patients. Due to the differences in diet and genetic background, the results of this study should be drawn cautiously to other ethnic populations. Lastly, the patients included in this study were from only two hospitals in the same area. Our findings need to be further proved by large multicenter research.
Conclusion
In conclusion, our study confirms that either the GRACE risk score or the homocysteine level can independently predict adverse cardiovascular events. The two predictors are positively correlated. Using them in combination derives a more robust predictive power for clinical outcomes in patients with STEMI.
